Retinal gene expression after central retinal artery ligation: effects of ischemia and reperfusion.
To investigate the morphologic and molecular consequences of 30- and 90-minute central retinal artery ligation (CRAL)-induced retinal ischemia, followed by 3 and 12 hours of reperfusion, and to identify potential targets for therapy. Retinal ischemia was induced for 30 and 90 minutes by ligating the rat central retinal artery, and corresponding effects were examined histologically, immunocytochemically, and molecularly at 3 hours and 12 hours of reperfusion. Patterns of gene expression revealed significantly upregulated and downregulated genes by gene array analyses and were verified by quantitative RT-PCR. Functional pathways were correlated using gene set enrichment analysis. Substantial morphologic changes occurred from 3 hours to 7 days after CRAL in rats, resulting in a cellular loss in most retinal layers, particularly in inner nuclear and ganglion cell layers. After 30 minutes of CRAL and 3 hours of reperfusion, transcription-related genes such as ATF3, ID2, Klf4, BTG2, c-Fos, and c-Jun were activated. After 12 hours of reperfusion, the genes associated with kinase and caspase molecular pathways-including MAP kinases, Casp3 and Casp9-were upregulated. CRAL of 90 minutes and 3 hours of reperfusion induced glycolysis and gluconeogenesis-related genes such as G6PC. However, prolonged reperfusion of 12 hours was characterized by prominent activation of apoptosis-related genes, including Tp53, Akt1, Akt3, Pik3R1, Prkcb1, caspases (Casp3, Casp7, Casp9), and TNF. CRAL is a clinically relevant retinal ischemia model, and gene expression analysis can provide information regarding the molecular mechanisms underlying the pathophysiological processes during retinal ischemia. In addition, CRAL represents an effective experimental model with which to study retinal inflammation, development, aging, and, neurodegeneration.